A prospective, randomised clinical trial comparing oral diclofenac potassium and intramuscular diclofenac sodium in acute pain relief
Authority is around $7.5 compared with the oral preparation Cataflam ® which is around $3 for the same dosage. Thus the shift of administration of NSAID from IM to PO route may reduce drug expenditure. Therefore many authors 43, 46, [50] [51] [52] [53] [54] [55] advocated the use of alternative routes of diclofenac administration instead of the IM route.
Diclofenac potassium (Cataflam ® ), the only available fast acting NSAID in our department, has been shown to be rapidly and completely absorbed in the gastrointestinal tract with measurable plasma levels in some subjects within 10 minutes of dosing. Peak plasma level is achieved in 20 minutes to 2 hours. The onset of absorption of Cataflam ® is much faster than enteric coated diclofenac sodium. Less than 10% of all subjects treated with enteric coated diclofenac reach measurable plasma level within 15 minutes compared with 95% after t r e a t m e n t w i t h C a t a f l a m ® ( C i b a -G e i g y, information on file). Marzo et al 34 demonstrated that Cataflam ® was rapidly absorbed and useful for quick relief of pain. Therefore, it is an alternative drug of choice for rapid pain relief.
To date, no studies have been documented in the literature comparing the efficacy of PO versus IM diclofenac for acute pain relief. Therefore, we designed a prospective randomised clinical trial to compare the efficacy of Cataflam ® and Voltaren ® for acute pain relief and in an attempt to show equivalence.
Study design and method
This was a single centre, prospective randomised clinical trial performed at the A&E Department of North District Hospital under the supervision of the investigators.
Patients enrolled in the study were Chinese adults aged above 18 years and of either sex, who attended the A&E Department of North District Hospital during the scheduled study period from September 2002 to May 2003, and who were mentally fit for consent and pain score assessment. The inclusion and exclusion criteria are shown in Table 1 .
properties. [1] [2] [3] It is superior to narcotic analgesics because it does not cause respiratory depression, physical dependence, sedation or psychomotor effect.
In patients with renal colic, various clinical trials have demonstrated that NSAID are at least comparable to and frequently superior to many narcotics and spasmolytic combinations. [4] [5] [6] [7] [8] [9] [10] [11] For patients with musculoskeletal pain such as back pain, soft tissue injury, joint injury and arthritis, NSAID have also been shown to be effective and well tolerated analgesics. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] However, there is no international standard on the route of NSAID use; both parenteral and oral (PO) routes are used for acute pain relief.
It is widely believed in the local Chinese population that intramuscular (IM) injection of analgesic is superior to other routes of administration because of rapid onset of action and more potent analgesic effect. Thus IM Voltaren ® has become one of the most commonly used NSAID in our Accident & Emergency (A&E) Department for acute pain relief in patients with renal colic, musculoskeletal injury and arthritis. One local study in A&E departments showed that the use of IM NSAID might be excessive. 27 Nevertheless, there is rarely any absolute indication for the use of NSAID through the IM route. Besides, pharmacokinetic and pharmacodynamic studies [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] only showed equivocal evidence concerning the superior effect of IM versus PO route.
In addition, it is not uncommon to encounter reports of adverse effects of IM injection in the medical literature. A review of 10,167 cases of IM diclofenac showed an incidence of six abscesses (0.05%), three necrosis (0.02%) and pain (5.6%) at the injection site. 42 The complications due to IM diclofenac in literature review ranged from mild local reaction to severe fatal reaction: erythema and fever, neurogenic pain, streptococcal myositis, muscle damage, tissue necrosis and the Nicolau syndrome, ischaemic stroke, hypoxic brain damage, anaphylactic shock, and even death. [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] Furthermore, the difference in cost may be a big concern in view of tight budgets in this cost-conscious era. The cost of a Voltaren ® injection in the Hospital Those eligible patients would be informed about the study and invited to participate in the study after detailed and clear explanation about the study had been provided. Time was allowed for consideration before giving informed written consent.
An assigned nursing staff who was not involved in the trial performed randomisation. Patients enrolled into the study would be stratified into four groups before randomisation: clinical renal colic, confirmed renal colic, acute musculoskeletal injury, acute arthritis or gout. The patients were then further stratified into subgroups of male or female and case numbers were assigned consecutively. Block randomisation was used in each of the eight subgroups to assign the treatment regimen for each case number. It was written inside a sealed envelop with corresponding case number in the cover. Patients enrolled in each subgroup would receive consecutive case numbers and receive either treatment.
No change in treatment regimen was allowed once the patient was enrolled into the study.
The patients were randomly allocated to one of the two treatment regimens: 75 mg IM Voltaren ® , the reference treatment, or 75 mg PO Cataflam ® , the study treatment. All data were recorded in a separate case report form for each patient with patient gum label affixed. Baseline demographic data including name, age, sex, date of attendance, inclusion criteria met and duration of pain experienced were recorded.
The primary end-point of the study was the extent of pain relief by the two treatment regimens. Patients enrolled were requested to assess the pain intensity by using Visual Analogue Scale (VAS) on a 100 mm divided line with point 0 indicating no pain and point 10 as maximal pain. They had to score at different time intervals at baseline, 30 minutes, 1 hour and Table 1 
. Inclusion and Exclusion criteria of the study

Inclusion criteria for patient enrollment
Patient with either one of the following diagnoses: --Acute renal colic:i) Compatible clinical signs and symptoms and urine analysis; or ii) Confirmed presence of stone by visualisation of compatible opacities in abdominal radiography or ultrasonography.
-Acute painful musculoskeletal injury: sprain or contusion.
-Acute painful arthritis including gouty arthritis.
Plus the following conditions: --The baseline Visual Analogue Scale (VAS) must be >25 mm on a 100 mm divided line.
-The condition as judged by the attending doctor according to his usual practice that rapid pain relief was required.
Exclusion criteria for patient enrollment
-<18 years old.
-Known allergic history to diclofenac or any NSAID.
-History of gastrointestinal bleeding or peptic ulcer.
-History of asthma.
-History of renal failure.
-Patient on anticoagulant or with history of bleeding tendency.
-Pregnant or lactating mother.
-Contraindications for oral medication.
-Immediate admission required for further management.
-Concomitant treatment of diclofenac during the previous 24 hours.
-Skeletal fracture or joint dislocation.
-Septic arthritis or joint effusion.
2 hours after treatment in four separate sheets. This was to reduce bias by avoiding reference to previous assessment. Secondary clinical variables including blood pressure, respiratory and pulse rates were also recorded at baseline, 30 minutes, 1 hour and 2 hours after administration of the medications.
The study ended after the pain assessment at 2 hours after treatment. The patient was then assessed by the attending doctor for the need of rescue narcotic analgesic if sufficient pain relief had not been achieved. The decision on subsequent management would depend on the usual practice and judgement of the attending doctor. The patient acceptance of the treatment and the final outcome of the patients were also noted at the end of the study.
Adverse effects to treatment either locally to IM injection or systemic effects reported by patients were recorded. In patients who developed allergic reaction to diclofenac, the protocol treatment would be terminated immediately irrespective of the severity of the allergic reaction and the attending doctor would treat the patients as appropriate.
Statistical methodology
The SPSS version 10.0 software programme was used for statistical analysis. The data was entered into the computer in spreadsheet format by the investigators for analysis. The homogeneity of the baseline descriptive variables of the two treatment groups was compared by Student's t-test for continuous variable and Chi-square test for discrete variables. Analysis of change in pain intensity on VAS at different time intervals after treatment, compared with the baseline, was performed by Student's t-test and ANOVA. Subgroup analysis was preformed by Kruskall-Wallis test. The within group and between group differences were analysed and compared. In addition, 95% confidence intervals on between group differences in proportion to pain relief were estimated.
Ethical consideration, consent and confidentiality
Approval had been given by the Ethics Committee of New Territories North Cluster for conducting this clinical trial. A written consent was obtained from each patient before the start of the study. Those who were not willing to participate would be treated as normal routine without penalty or delay in treatment. All information of the participants would be kept confidential and would be accessed by the investigators only.
Results
We recruited a total of ninety-one cases into the study from September 2002 to May 2003. There were 46 cases in the IM Voltaren ® treatment group and 45 cases in the Cataflam ® treatment group. The number of cases in each subgroup is shown in Table 2 . The demographic data with regards to sex (Pearson Chi-square=0.231), age, pain duration before attending the A&E Department and baseline outcome variables were comparable in both treatment groups (Table 3) .
Following the administration of treatment, both groups showed highly statistically significant reduction (P<0.0001) in pain VAS with time compared with baseline ( Table 4 , Figure 1 ). The change in systolic blood pressure and pulse rate with time as compared with baseline also showed highly statistically significant reduction (P<0.0001) in both treatment groups. In the between group analysis, there were statistically significant differences in 30 minutes (P=0.012) and 1 hour (P=0.010) pain VAS between IM Voltaren ® and PO Cataflam ® treatment groups. However, there was no statistically significant difference in baseline (P=0.396) and 2 hours (P=0.311) pain VAS between the treatment groups (Table 5, Figure 2 ). Similar statistically significant difference between the two treatment groups in overall pain VAS with time was also demonstrated by Repeat Measure ANOVA analysis (P=0.033). However, the changes in blood pressure, pulse rate and respiratory rate with time compared with baseline between the two treatment groups were not statistically significant at all time points.
Subgroup analysis was performed by Kruskall-Wallis non-parametric test because of small sample size in each subgroup. It showed statistically significant difference in 1 hour pain VAS between IM Voltaren ® and PO Cataflam ® treated groups for those patients with confirmed renal colic (P=0.041) and arthritis (P=0.038). There was no statistically significant difference in the baseline, 30 minutes and 2 hours pain VAS between the treatment groups in all subgroups of patients. The changes in pain VAS with time for subgroups of patients in the two treatment groups were shown in Figures 3 and 4 .
There was no adverse effect noticed in both treatment groups. Three patients in the IM Voltaren ® treatment group needed rescue analgesic compared with two in the PO Cataflam ® treatment group. All patients were discharged with pain relief after treatment except one in the IM Voltaren ® treatment group who was admitted into hospital because of chest pain which was not related to the treatment received. More patients in the IM Voltaren ® treatment group rated the acceptance of treatment as satisfactory or good ( Table 6 ).
Discussion
In our locality, renal colic, acute musculoskeletal injury and arthritis are common painful conditions requiring IM NSAID in the A&E Department. With conflicting evidences for the superior effect of IM NSAID, its excessive use may not be justified. 25 Superiva et al 4 compared piroxicam fast-dissolving dosage form (FDDF) versus IM diclofenac sodium in the treatment of acute renal colic. He concluded that piroxicam FDDF was as effective as parenteral diclofenac. Therefore, with the development of fast absorption oral NSAID, it may be possible to change our practice of using IM NSAID. Cataflam ® was the only available fast acting NSAID in our department, and had been claimed to be rapidly and completely absorbed and useful for quick relief of pain. 33, 34 It had become an alternative drug of choice for rapid pain relief.
This study showed that either Voltaren ® or Cataflam ® was effective for pain relief with time. (P<0.0001) This was consistent with the results of other studies for patients with renal colic, 4-11 musculoskeletal injuries, [14] [15] [16] [17] [18] [19] [20] [21] and arthritis. 25, 26 Systolic blood pressure and pulse rate, which would be influenced by the stress of pain, also showed statistically significant reduction with time. (P<0.0001) However, the between group analysis demonstrated that there was statistically significant difference in pain VAS at 30 minutes (P=0.012) and 1 hour (P=0.010) between the two treatment groups. Thus, IM Voltaren ® was more effective than PO Cataflam ® for rapid pain relief. The difference might be due to the fact that absorption of Cataflam ® in the early phase (within an hour) was not fast enough compared with IM Voltaren ® . Therefore, relief of pain was less adequate at 30 minutes and 1 hour, probably a result of inadequate plasma level of the drug. Nevertheless, once peak plasma level was achieved, the analgesic effect at 2 hours became similar. In subgroup analysis, the better pain relief for confirmed renal colic (P=0.041) and arthritis (P=0.038) at 1 hour in IM Voltaren ® treated groups might be related to the underlying pathophysiology of the painful conditions and absorption of drug. Adequate pain relief can be achieved once sufficient plasma level of NSAID is present to block the cyclo-oxygenase and lipoxygenase pathways. As the absorption of IM Voltaren ® might be faster in the early phase, pain reduction at 1 hour was better in those patients with confirmed renal colic and arthritis. In addition, the usual oral dosage of Cataflam ® recommended by the drug company was 50 mg instead of 75 mg. Therefore, we would expect an even more significant difference in pain relief between the two treatment groups if a lower dosage of Cataflam ® was used.
One of the main limitations in this study was the small sample size in each subgroup. It seriously affected the statistical power in subgroup analysis and control for confounding factors like sex. The original estimated sample size for each treatment group was 102 if we assume the minimum difference of practical interest (equivalence limit) was 0.15. 58, 59 Nevertheless, when the subgroups were combined for analysis, we were able to show statistically significant difference between the two treatment groups in this study. Thus it might be justified to prematurely terminate the study despite the small sample size achieved. Another limitation was the absence of placebo control in this study. The design of the study was a practicality study in an attempt to show the equivalence of Cataflam ® to Voltaren ® in rapid pain relief. The negative conclusion in this study indicated that IM Voltaren ® was significantly better than PO Cataflam ® . The placebo effect of IM injection was excluded in previous studies comparing IM Voltaren ® with IM placebo. 10, 11 There was no previous trial comparing the effect of PO NSAID and IM placebo in literature search. Therefore, another trial would be needed to exclude placebo effect in order to confirm the equivalence. Limitation on possible bias in interpretation of pain intensity by VAS had been assessed. Measures like clear explanation on the use of VAS, addition of cartoon picture in the VAS line to help interpretation and avoiding reference to previous VAS score were undertaken to reduce bias.
Patients requesting rapid pain relief expect symptom relief within a short time and early discharge. Our negative study result showed that the analgesic effect of Cataflam ® was not equivalent to Voltaren ® in the early phase. Therefore, unless a new fast absorbing oral NSAID is available and confirmed by trials to have equivalent effect, we are unable to discourage our practice of using IM NSAID for rapid pain relief.
Conclusion
IM Voltaren ® is more effective than PO Cataflam ® for rapid pain relief in patients suffering from renal colic and arthritis.
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